The results of this study confirm that adenoviruses are the most resistant enteric viruses to inactivation by UV light and that adenovirus 40 appears to be the most resistant. The effect of freeze-thawing and storage in water may affect the sensitivity of some adenoviruses to inactivation by UV light.
Because of the increasing use of UV light disinfection to control waterborne pathogens in wastewater and drinking water, it is important to gain additional data on the UV light inactivation of the different serotypes of adenoviruses and factors which may influence their inactivation by UV light (1, 3, 7) .
The objectives of this study were to determine the effect of UV light on selected serotypes of adenoviruses; the ability of two different cell lines to repair UV light damage; and the influence of freeze-thawing, storage time, and storage temperature on adenoviruses before UV light exposure.
Human adenovirus type 1 (VR-1, strain adenoid 71), type 3 (VR-3), type 4 (VR-4, strain RI-67), type 5 (VR-5), and type 6 (VR-6, strain tonsil 99) were obtained from the American Type Culture Collection (ATTC; Manassas, VA). Propagation of human adenoviruses was performed using the HeLa cell line (CCL-2; ATTC) and purified as described by Gerba et al. (4) .
Two different continuous cell lines, PLC/PRF/5 human hepatoma (CRL-8024; ATCC) and HeLa (CCL-2; ATCC), were used for cell culture assays and enumerated by the most-probable-number method (4, 5) . The MS-2 bacteriophage was propagated and assayed according to Meng and Gerba, (6) .
A collimated-beam apparatus was utilized to conduct the UV disinfection experiments (6) . Exposure conditions and dose determination were identical to those of Gerba et al. (4) . Viral stocks were frozen at Ϫ80°C and thawed at room temperature for freeze-thaw experiments prior to UV radiation. For the storage temperature experiments, viral stocks were stored at either 4°C or room temperature (25°C) prior to UV radiation. Experiments to determine the effects of host cell reactivation, freeze-thaw, and storage time and temperature were all conducted in 0.01 M phosphate-buffered saline (6) at a UV light dose of 90 mWs/cm 2 . The inactivation of adenovirus types 1 (AD1), 3 (AD3), 5 (AD5), and 6 (AD6), assayed on PLC and HeLa cell lines, are presented in Table 1 and Fig. 1 . AD1, -5, and -6 were used for the freeze-thaw experiments. The log survival for each virus after one to four freeze-thaw events is shown in Table 2 . The effect of storage temperature (4 and 25°C) and holding time (1 to 28 days) before UV light exposure was examined for AD1, -5, and -6 (Table 3 and Fig. 2 and 3 ).
The effects of UV exposure for AD1 after the first freezethaw and for AD6 after the first and fourth freeze-thaws are presented in Tables 4 and 5 and Fig. 4 . Both viruses exhibited typical first-order inactivation kinetics. Associated R 2 values and inactivation constants are listed in Table 6 . The predicted doses calculated for 1 to 4 logs of inactivation for Ad1 and -6 are shown in Table 7 . In addition, the predicted values for adenovirus 40 and poliovirus 1 are also presented in the same table for comparison.
There was virtually no statistical difference in log survival of adenoviruses stored at two dissimilar temperatures for up to 4 weeks before UV light exposure, as determined by analyses of variance (ANOVA) ( Table 8 ). The exception was AD1, which had a greater rate of inactivation after 4 weeks of storage at 25°C (P ϭ 0.02). There was not a significant difference between inactivation of AD1 and AD6 after one freeze-thaw ( Table 9 ). The slopes of linear regression for inactivation of AD6, after one freeze-thaw and four freeze-thaws, demonstrated a significant difference (Table 9 ). This indicated that AD6 was more susceptible to UV light after four freeze-thaws at a dose of 120 mWs/cm 2 . Battigelli et al. (2) and Thurston-Enriquez et al. (9) reported values of 29.3 and 87.8 mWs/cm 2 for 1-and 3-log inactivation of MS-2, respectively, which are very similar to the values obtained in this study (Table 7) . The presence of host cell repair enzymes affects the ability of the DNA viruses to repair the damage caused by UV light. Two different continuous cell lines, PLC/PRF/5 and HeLa, were used to determine if the assay of UV light-exposed adenoviruses would provide differ- (Table  8) . Multiple freeze-thawing of virus stocks has been speculated to damage the viral capsids and as a result make them more susceptible to UV radiation (4) . No significant difference between inactivation rate of AD1 and AD6 after one freeze-thaw was observed (Table 9 ). However, the slopes of linear regression lines of AD6 after one freeze-thaw and four freeze-thaws showed a significant difference (Table 9 ). This indicates that AD6 was more susceptible to UV light after four freeze-thaws at a dose of 120 mWs/cm 2 . There was no statistically significant difference in log reduction of AD5 and -6 stored at two dissimilar temperatures for up to 4 weeks before UV light exposure (Table 8) . However, AD1 demonstrated a higher inactivation rate after 4 weeks of storage at 25°C (P ϭ 0.02).
Gerba et al. (4) found that doses required to achieve 2-to 4-log inactivation of AD2 were very similar to the ones required for AD6 in this study and slightly higher than doses for AD1 (Table 7) . Thurston-Enriquez et al. (9) found that enteric AD40 was significantly more resistant to UV light than any of the respiratory adenoviruses used in this study. Meng and Gerba (6) reported 30 and 124 mWs/cm 2 for 1-and 4-log inactivation of AD40, which are very similar to those for AD6 after four freeze-thaws (29 and 117.6 mWs/cm 2 ). Also, the reported 3.3-log reduction of AD40 at 90 mWs/cm 2 was almost identical to AD6 ( Table 7) .
The results of this study confirm that adenoviruses are the most resistant enteric viruses to inactivation by UV light and that adenovirus 40 appears to be the most resistant. The effect of freeze-thawing and storage in water may affect the sensitivity of some adenoviruses to inactivation by UV light. 
